ABSTRACT. Clinical grape poisoning in two dogs (a 1.6-year-old male Shih Tzu and a 5-year-old female Yorkshire Terrier) was described in the present study. Clinical signs included decreased urine output in the Shih Tzu and ataxia in the Yorkshire Terrier after grape ingestion. The Shih Tzu died 5 days post-grape ingestion, while the Yorkshire Terrier died 3 days post-grape ingestion. Erythematous serosae and mucosae, multifocal red small intestinal foci, and blood and grape seeds were identified in the intestinal lumen. Brownish-yellow crystals were bilaterally identified in the renal pelvis. The primary histological findings were acute tubular necrosis of the proximal convoluted tubules, severe necrosis, and mineralization in the renal cortical tubules. Blood urea nitrogen, creatinine, and alanine aminotransferase were increased in the dogs. Many Korean veterinary clinicians have suspected clinical grape poisoning. However, to our knowledge, grape poisoning has not been identified by pathologic and clinicopathologic basis until this writing in Korea. Education and knowledge about the risks of grape poisoning is necessary for the prevention of accidental exposures.
Grapes are among the largest fruit crops in the world, and the primary cultivated species is Vitis vinifera. Canine grape poisoning has been reported in America in 2001 [5] and Europe in 2003 [7] . Several reports have described acute renal failure after grape or raisin ingestion independent of age, sex, or breed [2, 3, 10] . There were no differences in toxicity by grape color or type (raw, raisin, sultana, currant, fermented, crushed) [9, 10] . The toxic mechanisms of grape toxicity are still unclear [1] ; however, nephrotoxins, tannins, pesticides, heavy metals, glucose overload, excess vitamin D, hypovolemic shock, and renal ischemia are all potential causes [7] . Dogs are significantly less able to metabolize natural plant components than humans and other omnivores [8] . Vomiting, lethargy, anorexia, and diarrhea were common clinical signs associated with grape toxicity. Although dogs may recover from clinical disease, decreased urine output, ataxia, and weakness were associated with a negative outcome or poor prognosis [7] . A 1.6-year-old male Shih Tzu and a 5-year-old female Yorkshire Terrier were referred to our diagnostic laboratory from other Korean cities. Histopathology, hematology, serum biochemistry, and bacteriology were performed according to the routine diagnostic methods.
According to the clinicians' reports, the primary clinical signs in the Shih Tzu dog were decreased urine output and difficult urination after grape ingestion; the patient died 5 days post-ingestion. The renal cortex was visualized via radioscopy; the renal medulla and urinary bladder were not seen, although the renal cortex was identified. Necropsy evaluation revealed bloody material around the anus, serosal and mucosal red discoloration of the small intestine (Fig. 1), and blackish blood-like material was identified in the small intestinal lumen. Brownish-yellow crystals were evident bilaterally in the renal pelvis. Histologically, acute tubular necrosis of the proximal convoluted tubules, renal cortical tubular mineralization, fibrinous peritonitis, and numerous erythrocytes in the small intestinal lumen were all evident. Hemorrhages were present in the small intestinal submucosa, serosa, laminar propria, and muscle as well as the lungs and mestentery. Multifocal myocyte necrosis, hemorrhage, and vacuolated round cell infiltration were present in the heart. There were no significant abnormalities in complete blood cell count. Blood urea nitrogen, creatinine, and alanine aminotransferase were increased (Table 1) . Pathologic bacteria were not isolated in the intestinal contents of aerobic and anaerobic cultures.
The primary clinical sign in the Yorkshire Terrier was ataxia which appeared the day after grape ingestion; this patient had a clinical history of hepatic dysfunction and hyperammonemia three years prior. Grape seeds were identified in the intestinal lumen, and brownish-yellow crystals were bilaterally identified in the renal pelvis (Fig. 2) . Yellowish discoloration was identified in the entire liver and fibrinous peritonitis was evident on the splenic margin. Histological findings included acute tubular necrosis of the proximal convoluted tubules, mineralization of the renal cortical tubules, and fibrinous thickening of the splenic capsules (Figs. 3 and 4) . Small size vacuolations in the hepatocyte cytoplasm, large vacuoles in the connective tissue of the interlobular septa, and diffuse fatty changes were identified in the liver. Blood urea nitrogen, creatinine, alanine aminotransferase, and phosphorus were increased on the serum biochemistry profile (Table 1) .
Both dogs were diagnosed with grape poisoning. Vomiting and diarrhea were the primary clinical signs associated with canine grape poisoning [4, 7] . However, we had not much information because owners provided minimal historical information on clinical signs prior to presentation. Clinical effects were typically apparent within 6 hr postingestion and almost always within 24 hr post-ingestion. Renal impairment was a consistent clinical finding in all cases. Other laboratory findings included elevations in phosphorus, amylase, glucose, alkaline phosphatase, and white blood cell count [1] . Increased alanine aminotransferase and phosphorus values were different findings than previous reports. Urinalysis typically reveals proteinuria, glucosuria, hematuria, and crystalluria [4] . The prognosis is poor in dogs with oliguria or anuria [5] . The toxic mechanisms of grape toxicity are not clearly defined, and the lack of a reproducible dose response relationship suggests that toxicity could be reflective of fruit compenents present in varying quantities or the existence of extrinsic compounds [4] . Individual variations in clinical response may also occur. Therefore, it is reasonable to consider any ingestion a potential clinical problem. Renal failure has been identified following raisin ingestion at estimated doses as low as 2.8 mg/kg [4] ; 4 to 5 grapes caused renal failure in an 8.2 kg Dachshund in a previous case report [1] . The primary pathologic finding in grape poisoning is acute tubular necrosis [5, 6] . The lesions were consistently observed throughout the renal cortex. Metastatic mineralization was reported in numerous tissues in chronic and recovered cases [5] .
Various lesions in multiple organs were identified in the present and previous reports. However, these lesions are not consistent between cases, and it is difficult to determine whether these lesions are caused by grape intoxication. Many veterinary clinicians have clinically suspected grape poisoning in Korea. However, as far as we know, grape poisoning has not been previously described by pathological and clinicopathological criteria until now in asian country including Korea and Japan. Grapes are one of the most popular fruits in Korea, and this could be a significant clinical issue. The risks of grape poisoning should be clearly explained to both dog owners and veterinarians to prevent accidental exposures. Early detection is important for the early stages of treatment to attempt to facilitate clinical recovery.
